In the National Surgical Adjuvant Study for Breast Cancer (NSAS-BC), node-negative breast cancers were divided into higher-and lower-risk groups according to the histopathological nuclear grade given at individual collaborating hospitals, and the higher-risk group was entered into a randomized protocol of adjuvant therapy. Because the nuclear grade was the composite of nuclear atypia and mitotic counts, maintenance of interobserver agreement in mitotic counts was indispensable for the success of the protocol study. The counted area was almost the same among the observers in 9 tumors, split into two areas in 6, and dispersed in 5. Concordance in judgment was achieved in 7 of the first 9 and in all of the third 5, but only in one of the second 6. The cause of discordance was mostly derived from tumor heterogeneity and the difference in the site where mitoses were counted. Interobserver agreement level was considered to be satisfactory, and it was expected that the case entry would be performed appropriately in the protocol study. The selection of the counting area was confirmed to be important for the acquisition of high-level agreement level in mitotic counts.
In the National Surgical Adjuvant Study for Breast Cancer (NSAS-BC), node-negative breast cancers were divided into higher-and lower-risk groups according to the histopathological nuclear grade given at individual collaborating hospitals, and the higher-risk group was entered into a randomized protocol of adjuvant therapy. Because the nuclear grade was the composite of nuclear atypia and mitotic counts, maintenance of interobserver agreement in mitotic counts was indispensable for the success of the protocol study. Fourteen pathologists participating in the protocol judged whether or not 20 photomicrographs suspected of showing mitotic cancer-cell figures truly showed mitoses. After standardizing the counting method, these pathologists counted the number of mitotic figures per 10 high-power fields of hematoxylin-eosin-stained main-tissue sections of 20 tumors. Areas where mitotic counts were considered to be the most frequent by each pathologist were compared for these tumors. For the judgment of whether the photomicrograph indicated mitosis, the level of interobserver agreement was moderate (κ κ κ κ= = = =0.569). In the observations of 20 tumors, interobserver agreement level of mitotic counts was moderate (κ κ κ κ= = = =0.506), that of nuclear atypia scoring was fair (κ κ κ κ= = = =0.265), and that of nuclear grading was substantial (κ κ κ κ= = = =0.633).
The counted area was almost the same among the observers in 9 tumors, split into two areas in 6, and dispersed in 5. Concordance in judgment was achieved in 7 of the first 9 and in all of the third 5, but only in one of the second 6. The cause of discordance was mostly derived from tumor heterogeneity and the difference in the site where mitoses were counted. Interobserver agreement level was considered to be satisfactory, and it was expected that the case entry would be performed appropriately in the protocol study. The selection of the counting area was confirmed to be important for the acquisition of high-level agreement level in mitotic counts.
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The number of mitotic figures is a well-established prognostic factor in primary breast cancer. [1] [2] [3] Usually, mitotic counts are combined with nuclear atypia and structural atypia to judge the histological grade of malignancy. [1] [2] [3] The quality control of nuclear atypia scoring is difficult because of the non-quantitative nature of atypia scoring. On the other hand, the number of mitotic figures is a quantitative parameter which would make it easier to achieve a high level of interobserver agreement. However, to achieve a high level of interobserver agreement in mitosis counting, attention should be paid to the selection of the counting area and the establishment and standardization of the counting method and criteria for mitotic figures. [4] [5] [6] In the Japan National Surgical Adjuvant Study of Breast Cancer protocol (NSAS-BC), the pathology section was set up to establish histological criteria for assessing high- 14 To whom correspondence should be addressed. E-mail: hstsuda@gan2.ncc.go.jp risk node-negative breast cancers and to standardize the subjective criteria used by collaborating pathologists for nuclear atypia and mitotic counts. [7] [8] [9] In the NSAS-BC protocol, node-negative breast cancers were divided into higher-and lower-risk groups according to a histopathological nuclear grade given at individual collaborating hospitals, and the higher-risk group was entered into a randomized protocol of adjuvant therapy.
Because nuclear grade was the composite of nuclear atypia and mitotic counts, maintenance of interobserver agreement in mitotic counts was indispensable for the success of the protocol study. In the present study, 14 pathologists participating in the NSAS-BC protocol individually judged the number of mitotic counts for 20 tumors using the main hematoxylin-eosin (HE)-stained tissue sections. Interobserver agreement level in the scoring of mitotic counts was estimated by κ statistics for the simulation of quality monitoring in the NSAS-BC protocol.
MATERIALS AND METHODS
Criteria for mitotic figures During interphase, the DNA is doubled in preparation for cell division. During prophase, the nuclear envelope breaks down, and a spindle forms between the two centrioles. At metaphase, the chromosomes align at the equator of the cell, and as the anaphase begins, the duplicated chromosomes (called chromatids) are separated. At telophase, the chromosomes reach the mitotic poles, and the cell begins to pinch in. At each pole are the same number and type of chromosomes as were present in the cell before it divided. 10) The criteria for mitotic figures are identical with those by van Diest et al., as follows: 1. The nuclear membrane is absent, and cells have passed the prophase; 2. Condensed chromosomes are present, either clotted (late prophase to prometaphase), in a plane (metaphase/anaphase), or in separate clots (telophase). 5) Twenty photomicrographs suspected of showing mitotic figures of breast cancer cells were prepared. Fourteen pathologists independently judged whether or not these photomicrographs truly showed mitoses. These pathologists are responsible for the diagnosis of breast cancers in collaborating hospitals where more than 40 patients with node-negative breast cancers received surgical therapy in 1998. Preparation of main tumor sections Twenty cases of primary breast cancer were selected randomly from routinely processed archival cases between 1990 and 1994. Five micrometer-thick HE-stained tissue sections of the 20 breast carcinomas were prepared at the National Cancer Center Research Institute, Tokyo and later distributed to 14 collaborating pathologists. Counting procedure We also utilized the method by van Diest et al. 5) The area for scoring the counted mitoses was selected according to the following procedure. First, after screening all the tumor fields by means of a ×10 or ×20 objective lens, two or three parts with high density of cancer cells were selected, and the number of mitotic figures was counted at these parts. Second, among these high-density areas, one area with the largest number of mitotic figures was marked in ink. This area was approximately 0.5 mm×0.5 mm in width. Third, in this area with the largest number of mitoses, about 50 visual fields around the points having the largest number of mitoses were examined. Using a ×40 objective lens, a score of 1 was given if <5 mitotic figures were observed, of 2 if 5-10 mitotic figures were observed, and of 3 if >10 mitotic figures were observed. Only invasive components were counted. The counting was performed slowly and accurately. Although there are many categorizations for the number of mitotic figures, we adopted this criterion because the categorization above correlated well with the prognosis of Japanese patients with node-negative breast carcinoma.
7)
Mitotic counts were adjusted to "field number" 20 to standardize the number of mitoses among hospitals according to the property of the eyepieces of the light microscopes used by individual pathologists (Table I) . Scoring of nuclear atypia and nuclear grade The nuclear atypia was scored as 1, 2 and 3 when the degree of atypia was low, intermediate and high, respectively.
7) The nuclear grade was scored as 1, 2 and 3 when the sum of scores for the nuclear atypia and those for mitotic counts were 2-3, 4 and 5-6, respectively.
Statistical analysis The degree of interobserver agreement for the score of mitotic counts was tested using the generalized κ test for more than two observers from the viewpoint of categorical data. [11] [12] [13] In accordance with the criteria of Landis and Koch, the κ statistics were divided into several scales to determine the strength of agreement. 14) Table II .
The most probable reason for interobserver disagreement in mitotic counts would be the difference in the counting area. For the evaluation of concordance in counting an area on each tumor tissue section among observers, the area was marked in ink and the scores of mitotic counts given were compared.
RESULTS
In Fig. 1 , photomicrograph #1 had been taken as early prophase, #2-6 and 11 as late prophase to prometaphase, #7, 8, 10, and 11 as metaphase, #12-13 as anaphase, and #9 and 14-20 as non-mitosis by one of the pathologists (H.T.). Most observers agreed with that interpretation for photos #1-10, #12, #13, and #15-20. Judgments were divided for #11 and 14. Number 11 was considered as a degenerated or pyknotic nucleus rather than prometaphase or metaphase by nearly half of the observers. In the case of #14, it was difficult to decide whether it was an anaphase cell or simply a pyknotic cell. For the judgments as to whether the photomicrograph indicated mitosis, the level of interobserver agreement was moderate (κ=0.569) (Table II, Fig. 1 ).
In the study of interobserver agreement using HEstained tissue sections, the categorization of mitotic counts was concordant among 10 or more observers for tumors #2-5, 8, 10-13, 15, 16, 18, and 20 (Table III) . In particular, there was total agreement concerning tumors #2, 8, 10, 12, and 20. On the other hand, the concordance was lower in tumors #1, 6, 7, 9, 14, 17, and 19. In the observations of these 20 tumors, the agreement level was moderate (κ=0.506).
To reveal the reason for this inconsistency in the categorization of mitotic counts, the counted area was compared among observers for each tumor. In nine tumors, observers largely agreed on the counted area (group 1). In six tumors, observers split into two groups concerning the counted area (group 2), and in the other five, observers split into three or more groups (group 3). Concordance in judgment was achieved in 7 of the 9 tumors (group 1) and in all five of the third 5 (group 3), but only in one of the second 6 (group 2). In Fig. 2 , representative cases of groups 1, 2, and 3 are schematically drawn. In tumor #6 in group 2, all four observers who counted the b area gave a score of 1, whereas two of six observers who counted the a area gave a score of 2, and the other three observers who counted area c or d also gave a score of 2 ( Fig. 2A) . In tumor #7 in group 2, six of eight observers who counted the a area gave a score of 3, whereas four of five observers who counted the b area gave a score of 2 (Fig. 2B) . This 13 0 0 a) One pathologist did not give a score.
tendency was common among the cases of group 2. In contrast, in tumor #2 in group 1 and tumor #12 in group 3, the category of mitotic counts was almost identical among observers regardless of the counted area (Fig. 2, C and D). The discordance was mostly derived from tumor heterogeneity and the difference in the site where mitoses were counted. In these 20 tumors, interobserver agreement level of the scoring of nuclear atypia was fair (κ=0.265) ( Table IV) . The interobserver agreement level of nuclear grading, the composite of nuclear atypia and the number of mitotic figures, was judged to be substantial (κ=0.633) ( Table V) . In 11 tumors (#1, 4-6, 8, 11, 14, 15, and 17-19 ), the score of nuclear grade given by observers was split into grade 1 and grades 2-3. The level of discordant grading, which was estimated by dividing the sum of non-modal observations for the above 11 tumors by all observations for 20 tumors, was 12.0% (31 of 259).
DISCUSSION
To achieve a high level of interobserver agreement, the quality of tissue processing and the selection of the counting area are crucial. 5) In the present study, the quality of tissue sections was uniform because all sections were processed in an identical institute. Because of the difference in the number of available staff and the technical level among hospitals, equalization of the quality of tissue specimens is not easy. This problem cannot be solved by the personal effort of pathologists alone. Nonetheless, the quality of tissue specimens could be improved if individuals exercised the utmost care in all ways. For example, resected specimens can be fixed better, especially in the neighboring area of the cut surface of the tumor, when the specimens are directly soaked in an ample volume of formalin in Tupperware and the cut surface of the tumor is down but not fastened to the plate. On dissection, at least one piece of well-fixed tumor should be processed for pathological diagnosis. Delay in fixation was shown to influence the mitotic activity of cancer cells in strictly designed experiments. 15) However, this subject is still controversial because the interval between the resection and starting fixation did not influence the number of mitotic counts in a significant way in recent studies using specimens for diagnosis. 7, 16) Fourteen (70%) of the 20 tumors examined in the present study were considered to be rather uniform in mitotic activities throughout the tumor tissue. However, in Fig. 2 . Schematic presentation of the cut surface of four breast cancers. The area where mitotic figures are counted is indicated. In A (case 6) and B (case 7), counted areas largely split into two (a and b), and the score of mitotic figures tended to differ between areas. In C (case 2), observers showed total agreement concerning the counted area, whereas in D (case 12), observers split into 4 groups. However, in C and D, the score of mitotic counts was almost identical among observers. six tumors, differences in the counting area gave rise to interobserver discordance in the scoring of mitotic counts. Slow and accurate selection of the counting area was confirmed to be important not only to evaluate correctly the status of mitotic activities in the tumor, but also to achieve high-level interobserver agreement.
The low κ value (0.265) for the scoring of nuclear atypia did not mean a truly low agreement level. The modal nuclear atypia score was 2 in 16 tumors and 3 in only 4 tumors, but no tumor showed the modal score of nuclear atypia 1. This kind of bias to nuclear atypia score 2 would have caused an apparently low level of κ. On the other hand, the κ value for nuclear grading was very high and suggested that the grading was performed with an adequate interobserver agreement level. In the NSAS-BC protocol, node-negative breast cancers of nuclear grade 1 are to be excluded, but cases of nuclear grade 2 and 3 are considered to be eligible for entry. There was a possibility that 11 tumors (#1, 4-6, 8, 11, 14, 15, and 17-19) were erroneously entered into the protocol or erroneously excluded by a small number of observers. According to the previous study, interobserver disagreement would be derived either from the intermediate nature of the tumor itself or from erroneous scoring. 8) Tumor #1 is an example of such a situation. Because nearly half of the 31 discordant gradings would also contain a disagreement about tumor nature, the approximate true level of erroneous judgments would be about 6.0%.
This study simulated the quality management of mitotic count scoring in the NSAS-BC protocol. Because 38 hospitals are participating in the protocol study and the area of examination of mitotic counts is selected not from one section but from multiple ones per tumor, the agreement level would become lower in the quality monitoring. The NSAS-BC pathology section has held slide conference sessions twice a year since 1996 for the standardization of nuclear atypia criteria among collaborating pathologists. 8, 9) A color atlas for the reference of daily nuclear atypia scoring was edited and distributed to collaborators in 1997 and 1999 (revised version). These activities should result in the maintenance and improvement of the agreement level of nuclear atypia scoring.
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